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TRANSPLANTS FOR MYOCARDIAL SCARS 
AND METHOD AND CELLULAR PREPARATIONS THEREFOR 

FIELD OF THE INVENTION 

^^•^on reta es,o M ve ln ^ ofceno ^ laitatiollinloscari . sue 
■n the hear, ,„ order to improve _ ^ ^ ^ 

Drio^'tran 1 1^" * nVem '° n ^^f 8 10 Preparation and culruring of the subject cells 
pno, to tra.plantanon, a mecta nJ sm „ the ^ „„_ ^ ^ ^ 

and to grafts comprising such cells. 



BACKGROUND OF THE INVENTION 
^^PtaWooands^M^on^^^,^^^^ 

used to .mprove neurological deficiencies found in I-arktason's dise^e (Tompson, L eta! 
« ^ 2 5 7:868 ., 7 „, 1992 , .nasi.ilar.pp^^^^^^^ ^ 

^theskeletal^uscleofpa^s™^ 

^356.435^38, l^whe^thetr^^ceUs^,,,^^ 

Fetal ven.na.lar crtomyocyfcs, aria, ^ ^ ^ 

20 «^8-54,1993;Soo D p M ,MHe,a... S c iwe2(i 4:, 8 .,01,, W; U.S PattmNo 

5,602,30, ). in the studies described in these Terences, the ce„s were transpUnted i„,o the 

Wood supply. Transplanted ^ ^ ^ ^ fc ^ ^ 

cardiomyocytes. Myocardial function was not assessed. 
25 Cardiac scar tissue is formed after .1* veturicular wall of the heart necroses due to 

fcmage. In contra* to mvoc*dial tissue, cardiac sea, tissue contams no cardiac muscle cells 
Inaead, .. is composed of connective tissue cells, such as fibroblast, and „o„«ellular 
™«»nen B , such as collagen and „bro„ectin. Cardiac scar tissue is retractile and, 
merefore, interferes vrith normal cardiac taction. Mature sea, tissue is though, , 0 be an inert 
t.ss„e>ving a limittd blood supply. Accordingly,*, prior art suggests that cultured cells 
couU noty successfully transplanted into mature sea, tissue. 
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- US paen, 5 ,«, 2 ,,„,, ^ m ^ jmo fc 
Howe™, .his mahod, i[app>M „ fc-ttarl . ^ ^ ^ ^ 

«* *e Oanspfcrned ^ wu)d ^ fc ^ 

needle upon witbdrawal, «i «. efficiency of such .ansptat, wuld te ^ 

^•*-»«"«du>developcel ln ,a,a 1 lo.^au,o^ taul u„ nKctaolo „ 
myo^a, remodem* ^ ^ 

SUMMARY OF THE INVENTION 

, ^ m ^ t ° f ^P^mvenu OT ,op,„vidccel| tt ^ lanaUonmel|rabror 
^s^fcueta^^^^^^^.^.^ 

mvemion illus^es ma, a«a, myocytK ^ ^ ^ ^ 

no, mduce overt «*e artyftnuas. When au,«eU muKplamadon 0KUTOl 
immunorejection did not occur. 

'» > ta W te invent fealurKi a ^ rf ^ # ^ 

myoblasts. . 

In prefened embodiments of me fe, .spec, of ,he tavcntion. cells ma, be ch „sen 
fro^ul,„ r ^ sraoothB ^, e ^^ fi ^ bJ ^^^. om ^ Mde ^ iMiji 

cells may be co-mmsplamed, M ^ fe ^ ^ ^ ^ ^ 

gn* may be derived fiom au.0-, alio- or x« wm n !pl a„ t a lion , and me gn* may comprise 

•M ^iomyocytts arrived from auUKransptamauon. such as canJiomyocyfcs deriv*. Son, 
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ta another pew. ^bodimeut „ ftllt flrsl ^ 

In outer prefer embodiments otAc fa ^ rf fc ^ ^ 

^^^^^^^^^^^^^ 
recombmanl molecules ,„ ^ myocardial tissue or the scar tissue 

'^^•^^^^^^^^^^ 
n.yocardi.1 tissue or the sea, tissue v.* , biological adhesive , „ . ^ 
follows an infamy ^ fc ^ ^ 

— ■ - * Worming grow* ^ , ^.J^ 
^ f«o,-B, baste fibroblast gro„th ^ ^ ^ ^ ^ 

h ,eu topre f«^e mt ^e m ofU M8ra ^„ fra e fa ve„Uo 1 , U ,eee 1 ,sa re 
tran splanted celg^eefa g a tsu^ ggC 

In a seco*, aspec, tbe tavern feanires . ^ fc 

— myocardial tissue or sctissue in the bear, e„ mpr i, ng ^ 

f«al ftaoblasB, ^ nuK|e ^ ^ ^ ^ 

ta preferred erubodiruenB of the second aspect of the invemion, the ^ ^ 

^^"-'-"^fetalnb^ 

^^«^"^^n By bedeHved fn ™a u ,o-.a, l o- OTX ^ taan o„ . Tlte 
gn* may comprise adul, cardiomyocyles derived from autotnu^uaation a*, the 

card.omyocy.smay be derived from a«a. tissue. Tl* ecus ofme graft tnay be induced 

faaors, for example, iusuuu-uke ^ tmm ^ ^ 

W. P Wet-derived ^ {acm -B, basic fibulas, grow* factor, at* vascular eudo.he.ia, 
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8ro w* 6 =,or.C eU s„ fthe ^, MMyte ^ Mabj ^ bjemKh 
I.a lhlrdaspec ,,^ inVOT , ionfa ^ t ^ i . c ^ fo ^ 

raamraahan myocardial tissue or scar tissue in iho h™ 

5 *e group consisting of: aduU cardiomyocvles. feul „m- '""sen Iron. 

fibr»H:», v om W».ft<alcar<liomyocytM, adult fibroblasts, felal 

Sbrob^, srnooft muscle reUs , ^ oMW K „ Si md ^ mjtobhste 

Jn preferred embody ., the « ^ of fc , 
"ay be derived ftom atrial tissue and th, m t. "-"myocytes 
endothelial ceils TV * . ^ C °° ,Pme m * n ^ ■** 

10 mav n *»*»»''-li-ta t *». TTte scaffolding of megraft 

may compro. Dacron or polyglycolic acid polyme* with or wfthmt, polylacl Kid " 

defects, and for myocardial reconstructive surgery. 
" bafe ^^ tei "^™^.^odofcul^gca rt i„ r ^, 0 cy, Kftoni 

uhure medrum compr.ing .scove's modified DulbWs medium (IMDM), ,0% feu, 

^21 ' '"^^^^^^^^-PendmgtbepelL 
^'^^Ocul^tbesuspcnsionm ■OKfealbo™ J 0 , £ " 

* ^'^^d,g) isolating c^iomy^fi™, the c ulujr , 

aspect may fcnher include storing the cardiomyocy.es by a, dissociating cmw 
■"edmrn m a ratio o,5 v„,umes of cultine medium to 1 volume of sufc-culturing crrzyL 
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"Mo* c) eentiifcgin,, fc Mlraio „ „ 5 for 

l ° afiftl '^«"i»ve, taeawiesamahodof 
adult mammalia, myorartW tissue comnrM.. % 6 »™°myocytes from 

*. .issue fc , , ^r^Z ~' *-= b> 

•0 anddigesUn e th eremn ,n- • separaung the digested tissue solution 

, P-mercaptoethanol; and, h) isolatino 

cardiomyocytes from the culture. isolating 

tT b> **• — " • - •« volumes of cuta* medium 1 ,T1 of 

bovine serum and 20% oWc^h *»a . g zuy ° IetaJ 

'"^^^oftt.fiMaspee.^me^may^,^ 
» IMDMconuuning 20% feud bovine senm. 
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scarificd heart tissue, comprisbg transpl^Ung iato the tissue a ^ f „ 
In another Prefenede^dlr^^^ of tK . • • 

■ , Kfimcdon ' re,at,v e to cardiac function of n 
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' scar 



— i vascularis of sc. feue; blood flow to scar tissue developed 
Km p^ents „, ameliorates ^ ™ ""^ "> P>"™»logical 



BRIEF DESCRIPTION OF THE DRAWINGS 

h.v.n 8a „o„ fl , mu!c , ecel , sttansplaiited . iiio(hescais ) ' 
counQ.oco.uo,^^^^^^^^^^^ 

.nnsplantanone^ts. ^sacriftcedatl.^andSweeMwitslafter 
remodeling of the left ventrirU aa >iu a yoime 

'• 2a " d3) - ^^^^sweret^UnL 

(control). Tn^plamas™ i„ to Uk ceBeroftheLVFW scar was Derfom,^ _• , 

P ) aim 4 weeks (group 3) after myocardial injury. All Ihe animak 
w«e saennced at , weeks after for ^1^ and t-JJ^ 

LVFW - ^ Ph0,0miCroSraphs <* * - -in (H 4 Sustained 

i-vi-waitercryo-injury. immediately after crvo.ii>l..n, r~ •<■ • 
week(magnificaton= .0OX> n, / **•■*«»»- 200X), „d W 

) 20 0» JT «■**-■». I00X, 0 4 weeks (magnify 

»ee k ,apredorn., m ,,y n ono„uc 1 earin ffl ^isp^ 1 ^ mMoftel ^ ed " 
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K , „. „ , 8 AU "«nwl scar has formed. 

2 .Q, a :r^~ row,,s ° fH4E - sBi ' Mdhean ^« 5x >«'^'.* 

10 Fig. 9(A.D) shows photomicrosraphs of H & E-staioed hear, sections fflrfi . ~ „ \ 

aftocryo.mjuryoftlieLVFW Tk.. ™ sections (5X1 at S weeks \ 

Experiment ^ M) "" S '™ 1Sp "" K '' «« ^t^dhmr 

' 7 a8,WkSa * er ^^ ^^vocvtestrar^at^.u 

^ ^ Tta -*"-^-I— — ^-l Resume 
expressed as mean ± SE. **p<0.0]. 

h^. ,2 shows graphs of systolic, diastolic, developed balloon pressures at* 
^-^wcre^^^,^,,,^ 

Rasuhsareexpr^sedasmeaa.SEfN-,,. Cosed cirdes repress control hearts- open 
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squares represent transplanted hearts. 

Figure n^^ot^,*^^^^ 
^* Msp ^ alll2TOl!tftr ^ i . my Sysfclicand deeped 

Resutaare^ressedasrne^SEtN-g). Closcic^^,^,^^ 
squares represent transplanted hearts. 

Figure ,4 show, graphs „f ^ ^ 
posmve dp,d, of control a*, transptanted hearts with increasing oaKoon volumes 
^ian^on^pert-nnned^^arte^^dia,^. Systone a^ develop* 
~ — . hearts were signify greater than those of conno, hearts 
PO.0.). Resultsareexpressedasmeao^EfN^). dosed cWes represent control 
heansj open squares represent transplanted hearts. 

Figurel5isagraphsho«™gdev= 1 „p <rf pres S uresa.ball«,„vo 1 unesof0.04 0 1 02 
myc^ i „ j ^.^^ eloMpTOS ^ ofheansmiisptatejat2 ^ swOT 

mean±SE. ♦ p<0.05, **p<0.01. 

20 ^ ^ " ' 8raP " ^ deVe ' 0Ped PrMSUre «■***"* »— ^nJng 

tran^ura, ^ ^ ^ ^ ^ ^ 

cardtomyocyles plus vascular endothelial cells (CM + EC). 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
W. nave discovered medtods fo, improving the outcome of paUents having 
25 myocardial^, ^^verywasn^evvnileinvesugahngd.et^ofgr^.eo,^^ 
*llular tra^ptant, fo, treanng sca, tissue in the heart. We transplanted enured cells into 

cells and the host cel., Such ^logy wMfoUo^teaidmAcidemificationofUte 
»ansplant toioally, in transplanting feta, cardiomyocytes inu, the mature scar i, was 
surpnstng to find srtauauon of biogenesis in the affected area and an impreventen, in 
heart furrtonjjnce w. were previous!, ^snccessful in planting adul, ventricular 
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we tave ^ Md ^ »-»• >» sn^e, 

iir; 0,15 eMheKu 

^ me scar ' unproved myocardial function H«-~o^ 
The foUowing examples will assist those skilled i„ - u 

^^^^ 



GENERAL METHODS 
A)£EU-ISOLAT l o M r,n T , T . mmwro|p<n! 

enzymatic digestion method (Li R.K a i r- , . 8 

, (U R K 61 C '™'«"°« Research 78:283-288, 1996- Li R K 

- *- exes* 7* |ISSI1CS ^ ^ ^ ^^.^ ^ ^ 
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•36, mM Kd 2.7 mR Na^PO. ,, „M, KH.PO. ,, ^ p „ , 3 , ^ ^ _ 
n-ed and abated,. Wta*^.^,^ „ 

^J^erredt„atubec„n,^„g20„„ofc... 
for purification by plating (see Section 10 below). 

1 Aduh Ra, v^ i a, M i Wf r,,^ , ^ ^ (Cha||es Um CaMda 

Quebec. Canada) wete anetahetized with int^^ulax adminisuaUon of IceUunine 
hydrochloride (22 mgrtg body weigh,, followed by m 

pentoba^nal (30 mg/kg) a* th, hearts were then excised. Cardiomyocytes were ^ laled „, 

digestion as described in Section 1. AduJt human ventiicular biopsies obunned 
from tie operating theatre were similarly enzymatically digested. 

3. AJu!, Ra, CMiomy nn-t. n. Add, n»s weighing 400 8 (Char.es 

R.v« Canada ,„c. Quebec, Canada) were a«su«ized as in Section 2 above Tie arial 
appendages were tigated and amoved (rats survive this p^dure), after which tie atria, 
tissue was used for cardiomyocyte ^ ffi oeMibed ta ^ , ^ ^ 
<— ^ obtained ft™, to op^ ^ „„, ^ ^ 

< FWI Rat Smooth M ,r r|r O ik Feal ra, smooti, muscle cells wen. isolaled from 
«-day gestenona, S Prag ue-Dawley ra, sumachs by %-ta (u R . R „ „ 

•Wo/JW Cul,ure and MaMs ,4*3-100, l992) . Fela) (ctate 
Inc. Quebec, Canada) were anesthetized with pmobarbiul (30 rag/kg body weigh, 
,«raperi,o„eal) and tie s-omachs wen, to excised. The stomachs wen: washed with 
phosphate buffered saline, minced, and incubated in 10 ml phosphate buffered saline 
30 containing 0.2% uypsta, 0. 1% collagenase, and 0.02V. gmcs. for 30 rninutes a, 37-C 

Smooth muscle cells were isolated b, repetitive pipetting „f te digested stomach tissue The 



25 
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tm med,um coning 20 % feal Mmmm ^ m ^ penicjuin ^ 
cells ww suspended in cuUu* medim , ^ 

M^ chCete AduhfnMleraB(charies Riyef 

from uterus as described in Section 4. 

10 

6 EMlBaLFito^ Feu, ,» ski,, y^.^ obQjncd ^ mK 
day ™ Sp^-D^ ^ ^ ^ m ^ ^ 

^^ M7 , 3 04.. W , Bnefly, the tissue was washed wilh pboslitMe 
sai.n e , mmced.anddigesfcd fo, 30 minuie, a, 37-C in lOmiphospnaKbufeedsaiine 
^aunng 0.2% uypsin, o, % m d 0 . 02% ^ 

~ — «P-d sKn W. IV ce„s in m, su^ia* « ^ 

a * coning 20 m, of ccj, cutae medium (Dulbecco, Modifed Esscnual Media* 
20 ""r:' 0 "^ — — and .OOugAn, 

natpenfcd in Ihe cell cutoe medium and cullwed. 

7 AaaJOttFitabtettSkin biopsies »«e obuined ftom anes,he, ize d ad ull 
^ SpragucDawiey**. ^^^^ 



Sprcgue by en^aiicdigeaion (MicUe „ iJW ^ 
«CS»« w , J 2:lJ9H3H .990) Adul. «, (CWes Ri»e, Canada mc. Quebec 

30 ^pha tt bu^ S a I i„ e .i 1Ku ba t edfor30mi„u ttS a 1 37.Ci„ ,0 m, phosphaie taffaed 
s^ne confining 0.2% u^ „.!% coUageo^c, art 0.02% 8 , UMBe , „, ^ ^ 
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100 ug/ml streptomycin), after which the isolated endothelia, cells were cultured. 

5 . 9 f ^ n l5ola ^ ^^sm^n^^y^ were isolated 

from atnal appendages and ventricular myocardial biopsies obtained from patients 
undergoing corrective cardiac surgery. Human myocardium was dissected to remove 
connective t,ssue and then minced to pieces less than 1 mm 1 in size. 



9(a). m^llicCmorn^: Pediatrk ^ was for ^ ^ ^ ^ 

enzymanc digestion solution containing 02% trypsin, 0. 1 % collagenase dissolved in 
phosphate-bufferedsaUne^ocalciumorEDTAwasadded). Culture medium conubin* 
Iscove's modified Dulbecco's medium (IMDM), 10% fetal bovine serum and 0 1 mM 
meroaptoethanol was added in a ratio of 20 volumes culture medium to 1 volume enyzmatic 
d-gesuonsolutio, The cell suspension was centrifuged at 581 g for 5 minutes, after which 
the supernatant was discarded. The ce„ and tissue pellet was .suspended in culture medium 
afterwhichtheisolatedcellswereculturedonadishforStoSdays. Cardiomyocytes that ' 
nugrated from this culture were collected by a Pasteur pipette and cultured once again. 

9(b). Adult^H^^ ta l0 myocaniium ^ 

human myocardium was digested twice. The second digestion was necessary for the adult 
nssue due to the increased amount of connective tissue. After the first digesdon (as described 

mmutes and the second cell suasion was collected. The two collected suspensions were 
combined, and centrifuged, after which the cells were suspended and cultured The 
digested tissue fragments in the pellet were collected and cultured for no longer than 2 days 
(to avo,d cell deterioration) and a further enzymatic digestion carried out on the remaining 
und.ges.ed tissue if sufficient cells were not found in the suspensions. In addition 
cardiomyocytes that migrated from the cultured tissue fragments were isolated and re- 
cultured. 



9(c). Passaging of Cultures: The cardiomyocytes were cultured in a 



medium 
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containing IMDM. 10%fe*bovi„ese nJ m. K ,0., mM p.^,^, ne 
sut*u,tunng M|uti0 „ fo[ djKociatjon aminai 

and 0.3mM EDTA. ^enswe^,^^^ ^ 

ft*~ ■* a *- d ^ «— * -Pi* became de^Terentiated. 

^**&^«nsc^*^ mymis ^ , fIhece ,, swerealtewed|o 

Cardiomyocytes in cell clumps did nol divide in culture. 

9(d). Storage pf q,!,,^ Ofc WnMrt ^ 
derated from culture platts ^ fc subciltefag ^ ^ ^ 

wh,c„ culture medium was addetl in a ra»„ of 5 voIunles ^ ^ ^ , ^ 
d,^,o„ soluuon, and „e ecu suspension was centring ,, 58 , g for 5 ^ Be 
supernatant vvas removed and th. «,, pellet was gently re-suspatded in ! mL IMDM 
eon^gmfeuJbovi^senunanda^^,,^^,^^^^ 
Placed in a Nalgene fre«»g concine, jn ^ ^ 

•80 C; am, („> prevented over<>xidaljoil of ^ ^ ^ fc ^ ^ ^ 

stored for a rninimum of 4 Ik^ and no .onger than g noun, Cryc-vials confining the cds 
were placed in liquid mitogen for long ram storage. 

gW. XhawingofOimirrr wtameswredc.lls.^totec.dturcd.ftevialwas 
removed from ,i qui d niuoge. and w«med at 37-C. Although 37«C was prefened, cells were 
alsofav^atote.emp^^,^^^^^ ^^^^ ^ 

m*al Plating of the cells was done in 10 ml of IMDM medium containing 20% fettl bovine 
«n«n (warming medium). Cells were kept in warming medium for 3 to 5 days to allow the 
eells to attach firmly to the culture dish before switching to the usual culture medium The 
wa^medtanms, ^l^M iffc 
warming medium contains 10% rather than 20% fetal bovine serum, the taman 
cardiomyocytts will no. divide and will de^ifr^Uate. r*mrfcrentia*d cardiomyocytts 
cannot be used for transplantation. 

Cardiomyocytes that were cryo-frozen and warmed as described were successfully 
subcultured and were morphologically identical to cells that had not been frozen. Cells that 



WO 98/54301 



PCT/CA98/00520 



-15 



0 



had been frozen andcel.s that had no, been frozen were analyzed for rnitochondrial integrity 
at each passage for 7 passages (over the course of one month of subculture fol.owmg thawing 
and plaung). The mitochondrial enzyme cytochrome C oxidase showed no difference in 
acmaty between frozen and unfrozen cardiomyocytes at each passage. Our finding that 
primary human cardiomyocytes can be stored frozen and later revived allows their "lifetime" 
to be extended, thus enhancing the usefulness of such cells. 

9(0. End^eiiaiCel^ Human vascular endothelial cells were isolated as described 
« secfon 8 from saphenous vein and aorta obtained from pauents undergoing coronary 
bypass surgery. 

W SmwftM^|er f | |, : Human smooth muscle ceils isotated fiom 
saphenous vein after endothelial cell isotado.. ^ ^ ^ 

ve-s as desedbed in Secuon «, the ^ «as minced m d incubated i„ ,0 ral phosphate 
bufferecyaline containing 0.2% Uypsin. o.l % collagenase, ami 0.02% glucose fc, 30 minute 
»rrc. n« smooth muscle cells were isoUued by repetitive piling of ^ digeaed .issue 

"* SUpernaB " t ""W i«o a tube containing 20 ml of cell edture 
med,um (199 medium containtag m feud bovine .ooumts/mlpericillinand 100 
ug/ml streptomycin). eentHfcged « 600 x g fo, 5 minute „ toom temperas, upended 
in cell culture medium, and cultured. 

9(h). Human Fibroblasts; Human fibroblasts were isolated from skin biopsies as 
described in Section 6. 

10. Rat Cell Purification : Isolated rat cardiomyocytes, smooth muscle cells vascular 
endothelial cells were purified by a preplating technique (Simpson e t al.. Circulation 
Research 51 :787-801, 1982) which takes advantage of the finding that these ceUs reouire a 
longer tone to attach ,o a cell culture dish than do fibroblast ceils. Freshly isolated cells were 
Plated on dishes and cultured for 2 hours at 37-C, after which the culture medium containing 
the suspended cells (minus the fibroblasts) was transferred into another dish for further 
culturing. 

The other technique used for culture purification was the clonal dilution technique 
When the cells are seeded at low density for culturing, viable cells form individual colonies. 
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11. Cell Identifir»^ n . 

CsSana^Thep^ 

cardiomyocyte preparation. 

SjnoojhJ^^ ^ purfty Qf ^ muscle cd] cuitures ^ 

H 6 ' 61 ^!!^ ^ '"^unofluoresccnt staining for -smooth muscle cell actin (Sigma) as 
described in the previous paragraph. 

Fikoblasts: T*e purity of fibroblast cell cultures was determined by 
examining cell morphology with a microscope. 

B) CELL TRANSPI.ANTATinM 

Subject animals were grouped into three categories: sham, control and transplantation, 
me cntena for such grouping was as follows: 
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1 ■ Surreal Exp osnr,- Sprague-Dawley rats (500 gram) were anesthetized with 
ketam.ne (22 mg/kg body weight, intramuscular) followed by an intraperitoneal injection of 
pentobarbital (30 mg/kg body weight). Once anaesthetized, rats were intubated and positive 
pressure ventuation was maintained with a Harvard ventilator (Model 683, USA) The 
inspiratory rate was set a, 60 cycles/minute with a tidal volume of 2 ml. Animals were 
venulatcd with oxygen-supplemented room air. The heart was exposed through a 2-cm left 
lateral thoracotomy. The muscle layer and skin incision were surgically closed with 5-0 
vicryl sutures. 

\ Myocardial Injury and Myocardial Smr fipmtlnn- The hearts of the adult rats 
were exposed as described in the previous paragraph. A 5-mm-diameter metal probe cooled 
to -190-C for 2 minutes was applied to the left ventricular free wall of the heart for 20 
seconds. This procedure was repeated 8 times. The muscle layer and skin incision were then 
surgically closed with 5-0 vicryl sutures. 

The animals recovered from surgery in a warm environment, were monitored for 4 
hours postoperatively and then given Penlog XL (benzathine penicillin G 150,000 U/ml and 
procame peniciUin G 150,000 U/ml) intramusculariy (0.25 ml/rat) every three davs and 
buprenorphine (0.01-0.05 mg/kg body weight) subcutaneously 8-12 hourly for the first 48 
hours following surgery. 

1 Transfecti ™ of ^ Cultured Cardiomvorv t^ Freshly isolated or cultured cells 
were transfected by calcium phosphate coprecipitation (Shi Q-W, et al., Journal of Molecular 
and Cell Cardiology 24:1221-1229, 1992) with a plasmid staining the P-galactosidase 
gene. Plasmid DNA (20 ug) dissolved in 450 ul of sterile water and 50 ul of 2 5 M CaCI 
was slowly added to 500 ul of aerated 2X HEPES-buffered saline (0.284 M NaCl, 0.050 M 
HEPES acid, and 1.48 mM Na, HPO, P H 7.05). After 20 minutes at room temperature, the 
solution was added to a cardiomyocyte suspension (1.0 X 10 s cells/6 ml of culture medium). 
In the control groups the same procedure was performed either without plasmid DNA or with 
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PREP4 (a plasmid tha, lacks . p.^^ ^ WBogHi USA; plam . d 
cells were cultured at 37°C, 5% CO, and 95% air for 24 hours. 

To define ft. efficiency 0 f cell mfc^ cells ^ ^ ^ ^ ^ ^ ^ 
weeks were washed three times Witt, phosphate buffered saline, fixed in 2% form aldehyde 

> ^ 2% l'»^ydetapl»spr^.buffer(0. l 5 MN aCland0.0 l 5M N aHTO pH72)a, 
« for 5 munnes, washed with phosph-e buffer containing 2.0 mM MgC.„ ar«I suu»a 
overnight at 37-C in a solution coming , mg/m , S-bromo^hloroJ-mdolyl-beu,. 
^act^osiderX-g^mM K>T ^ 5mM ^ ^ 

d.shes ftom 6 preparations) were counted under the microscope » dctermn* fte percentage 
of eeUs containing p-galaotosidase activity. Two dishes from each Bansplan, experiment 
were used for a cell translation effi^ -un> ^ (numbw of _ ^ 

<■ Ml fwawion and Trwlpm in n ; Cultured cells were wasted three times with 
Phosphaje buffered saline to remove dead cells and then daacbrf fern the cel, cultirre dish 

10 ml of culnrred medium, the eel, suspension was cemnftged a, 580 X g for 3 minutes He 
cell pellet was resusp»ded in culture radium a. a co^ceuMion of 4 X M> ceUs/ml cutare 
medtum. The volume of cell suspension was 0.25 ml for erch cell trar^tion 

On day ,4 or 30 following myocardial «ar generation (Section 2 X the animals (whien 

ustng a tuberculin sy™ge. Control ^ w staiJa , ly mjected ^ ^ rf ^ 
medium (no ceUs). Tie ra« in the sham grcup underwent the surgical procedure without 
mjeoton. ewb*, (finta g,ue, was placed on the injection sites to prevent leakage 
oftheinjecfcdcdl, The ches, was closed * 5-0 vioyl sutures. Antibiotics and analgesia 
weregivenasdescnbedinSection 1. Cyclosporin A, at a dose of 5 rag/kg body weight/day 
was adrnuustered subcutaneous* into animals of all three groups. The raB were housed in ' 
cages with filter tops. 

C) MEASURFMENT OF tp^ T FIJNrjTfiM 
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Eight weeks after myocardial injury, the heart function of sham, control and 
transplanted animals was measured using a Langendorff preparation (Stephen SE, et al 
Annals of Thoracic Surgery 59:1127.1133, 1995). The rats were anesthetized and heparin 
(200 units) was administered intravenously. The hearts were quickly isolated from rats and 
perfused in a langendorff apparatus with filtered Krebs Heinseleit buffer (mmol/L NaCl 1 1 8 
KCU.T.KH^ U.CaCl^MgSO, 1.2, NaHCOj 25, glucose . 1 ; P H 7.4) equilibrated ' 
w,th a 5o/o CO, and 9 5 o/ 0 O, A latex balloon was passed into the left ventricle through the 
mural valve and connected to a pressure transducer (Model plOEZ. Viggo-Spectramed, CA) 
and transducer amplifier and differentiator amplifier (Model 1 1-G41 13-01, Gould Instrument 
System Inc., Ohio). After 30 minutes of stabilization, coronary flow in the heart was 
measured in triplicate by timed collection in the emptying beating state. The balloon size was 
■ncreased by addition of saline in 0.02 ml increments from 0.04 to 0.8 ml, or the volume at 
which end diastolic pressure reached to 30 mm Hg, or whichever came first. The systolic and 
d,astohc pressures were recorded at each balloon volume and developed pressure was 
calculated as the difference between the systolic and diastolic pressures. 

Hearts were weighed and their sizes were measured by water displacement. 

D) MEASUREME NT OF T FFT VENTRTPT IT AP PCK^n Cf 

The epicardial and endocardial surface areas of the normal and scar tissue in the left 
ventricular free wall (LVFW) were measured by the techniques of Pfeffer e, a! (Pfeffer JM et 
al., American Journal of Physiology 260:H1406- 1 4, 1 991) and Jugdutt and Khan (Jugdutt BI 
ct al., Circulation 89:2297-307, 1994). Briefly, the hearts were fixed in distension (30 mm ' 
Hg) w,th 10% phosphate-buffered formalin solution and then cut into 3 mm thick sections 
For each section, the area of normal tissue, scar tissue, and transplanted tissue in the left 
ventricular free wall were traced onto a transparency and quantified using computerized 
planimetry (Jandal Scientific Sigma Scan, USA) as described by Wu et al. (Wu TW, et al 
Cardiovascular Research 27:736-39, 1993). The lengths of left ventricular free wali and scar 
tissue on both the endocardial and epicardial surfaces of each section were measured. The 
surface areas of the epicardial and endocardial scar tissue and left ventricular free wall were 
30 measured as: 
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(cndocardial length + epicardial length) x section thickness (3 mm). 



The surface area percentage of scar tissue in the left ventricular free wall (LVFW) was 
calculated as: 

(epicardial scar size + endocardial scar size) 

T~l T~, . xlOO 

(endocardial LVFWl + epicardial LVFW) 

To calculate the percentage of the surface area in the scar tissue occupied by the 
transplanted tissue, the following equation was used: 

(cardiac tissue length in the scar tissue of each section) x (section thickness (3 mm)) 



xlOO 
(total scar area) 



E) HISTOLOGY AND FT FPTpam M ICROSrnPV nv T R ANSPT amtph ™ T ^ 

On day 30 or 45 post-transplantation, the animals were anesthetized as in Example 1 
and transplant, control, and sham hearts were exposed through a midline sternotomy and 
quickly harvested. The animals were euthanised by exsanguination under general anesthesia/ 

To localize the tissue formed by transplanted cells, the transplanted and control 
myocardial scar tissues were fixed in 5% glacial acetic acid in methanol. The tissue was 
embedded in paraffin and cut into 10 urn thick sections. After removal of the paraffin by 
immersing the sections for 3 minutes in xylene and then in 100, 95, 90, 85, and 70% ethanol 
for 3 minutes each, the samples were stained with hematoxylin and eosin as described by the 
manufacturer (Sigma Diagnostics, St. Louis, MO), and photographed. 

To stain for p-galactosidase activity in the transplanted cardiomyocytes, the heart 
sections were fixed at 4«C for 12 hours in 2% formaldehyde and 2% glutaraldehyde in 
phosphate buffer (0.15 M NaCl and 0.015 M NaH 2 P0 4 , P H 7.2). The transplanted 
cardiomyocytes were localized by staining for p-galactosidase activity as described earlier in 
Example 2. The stained tissue was embedded in paraffin and cut into 10 um thick sections 
that were stained with haematoxylin and eosin as described in the last paragraph. 
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To identify cultured ventricular and atrial cardiomyocyte transplants, the transplanted 

heart Ussue was invnunonuorescently stained for cardiac myosin heavy chain. Briefly tissue 
secuons were washed three times with phosphate buffered saline and fixed with 2 ml 100% 
cold methanol a, -20'C for 1 5 minutes. After washing three times with phosphate buffered 
sahne and drying by draining, the tissue secuons were exposed for 45 minutes at 3TC to 
monoclonal antibodies against cardiac myosin heavy chain (Rougier Bio-Tech, Montreal 
Canada), diluted , :20 w,th saline. Control tissues were incubated under the same conditions 
w,«h phosphate buffered saline. The tissues were washed three times with phosphate buffered 
sahne for 15 minutes at room temperature with gentle shaking, after which the secondary 
anubody, rabbit anti-mouse IgG conjugated with fluoresce isothiocyanate at a concentration 
of 1:32 dilution with phosphate buffered saline, was added. The tissues were incubated with 
the second antibody under dark and humid conditions for 45 minutes at 37°C. After washing 
wtth phosphate buffered saline, the cells in the transplant control tissues were visualized 
under ultraviolet light using an epi-microscope with a blue filter. 

The smooth muscle cell transplants were identified by staining immuno-fluorescently 
usmg a monoclonal antibody for a-smooth muscle actin as the primary antibody. Endothelial 
cell transplants were identified by immunofluorescent staining for factor VIII, as described in 



the next section. 



Fibroblast transplants were identified by the presence of a localized immunorejection 

20 within ihe ventricular scar. 



F) HISTOLOGICAF AND ELECTRON Mir ROSmPV .rtmrnc n» .^ rr 
IN THE OR AFT 

For immunocytochemical staining of factor VHI-related antigen in the vascular 
25 endothelial cells, tissue sections processed as in Section E above were incubated with xylene 
twice for 5 minutes each, 100% cthanol twice for 2 minutes each and then with 70% ethanol 
tw,ce for 1 minute each. The sections were incubated with rabbit IgG against factor VIII- 
related antigen (Dimension Lab. Inc., Ontario). The control samples were incubated with 
phosphate buffered saline under the same conditions. The test and control samples were 
incubated with goat anti-rabbit IgG conjugated with peroxidase. After washing the samples 
three times with phosphate buffered saline following secondary antibody staining, the 
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samples were immersed in diaminobenzidine-HjOj (2 mg/ml diaminobenzidinc 0 03% H O 
■n 0.02 M phosphate buffer) s^^ ' ' 

Phosphate buffered saline. IT* stained vascular endothelial cells in the grafts (N=, 7) and 
■ control groups (N=,4) we* counted using a light microscope at 200X magniOcation The 
result was expressed as number of blood vessels/field area (0.8 mm 2 ). 

For electron microscopy studies, hearts were fixed in 1 % gmtaraldehyde in phosphate 
buffer, nostfixed with 1 % osmium tetroxide, dehydrated in graded ethanol (50, 70, 90 and 
100%), polymerized in propylene oxide at 60»C overnight, sectioned, and examined using a 

JEOL 1 200 TEM electron microscope (Li R-K, et al., Cardiovascular Research 32 362-73 
10 1996). 
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G) CELL GRAFTS 

Cultured cardiomyocytes, smooth muscle cells, endothelial cells, and/or fibroblasts 
were seeded onto biological mesh, such as a collagen membrane, and on non-biological 
membranes, such as non-degradable membranes (Dacron) or degradable membranes 
(polyglycolic acid pdymers), and the mesh and cells were cultured in cell culture medium 
Seven days after culture, the containing mesh was fixed in 2% formaldehyde and 2% 
glutaraldehyde in phosphate buffer (0. 1 5 M NaCI and 0.01 5 M NaH jP 0 4 , pH 7.2) at 4'C for 
12 hours, embedded in paraffin, and cut into 10 urn thick sections, which were stained with 
haematoxylin and eosin as described in Section E. and photographed. 



H) CELL GLUING TFrHMIOITF FOR CFT T tp amcd, A >rfViTrnn 

To be successful in preventing failure of the infarcted heart, sufficient cardiomyocytes 
must be implanted into the infarcted myocardium. Although this can be done by multiple 
synnge mjections, injecting the cells, unfortunately, limits the number of cells which can be 
transplanted into myocardial scar tissue. We have investigated another technique to apply a 
large number of cells onto the infarcted myocardium. Thrombin and cryoprecipitate (fibrin 
glue), which are derived from human blood, clot rapidly. Our in vitro results showed survival 
and contraction of cardiomyocytes in fibrin clots. We used this fibrin glue for cell 
30 transplantation. 



L ° lUin * lnieCti ° n Site to Prev * nf ^T T'^ed Cell r^^ r - The biological gl 
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omo me injection she while .he injecti „ needle i s stUI in ptace. 1»e needle is 

*" ^ 8UK C,0,S - «» of mmsplamed ee,,, 3, discussed 

previously, is prevented. 

„ 2 - WW *° Oi l s on,, ,y Mv „ r ardial Scar w ,„ ^ 
We removed me epical over fc „ „, ^^.^ ^ ^ 

were suspended in .hrombin, and me d^nbWwi suspension w ^ „„,,, 
myocardial scar .issue win, (fibrm ^ n. fc „ suspension 

» adhe* .„ a* surface of b«h the scarred and norm* myoo.rdium, ailer « „„ 
penca I diuo,* a sg lw d„n topofaKflblin|;lot Cell loss was prcvemed. Wefbundtha 
^c^ iomy<) c y ,esc m s^ i vec, 1 he WaiscKtisw ^ p ^ u 
ce s ,„ be nanspranred. ras ^ toproved ^ ^ ^ ^ ^ 

cells. TTecani.omyoey^g.ued ^ly onto fte .nyocanli™, £an 
««U, te c^io m y^ M ^^ OTy ^ to ^ syiidiro ^ 

host myocardium. 

3. SMn.B the Mlnlar M r,H o nn, ,hr Hvocarii,! a,-n„. , f p ..,.,,, „ 
ta-ta CeH prt. comprising biologic* or mesh ^ ^ 

^(asdescHbedinEx^T,^^^^^^^^^^ 
turn glued on top of the mesh. 



20 0 DATA ANAT vsre 

^«°^-^me m± s 0 n^ m , r .-n, eSBlisUcalAnalysisS 
software was used for all analysis (SAS Inair*, Gary, NC>. O.mp.isons of continuous 
"anabtes be,ween more man ,wo groups „e« performed by a one-way ^ of variance 
If me F m,i„ was significant ftom the aralysis of variance, a Duncan's mul^e-range , ,es, 

wa.employedmspeeifydifferencesbe^ee.m,^. Alpha for these andyses was set a, 

p<0.05. 

Function data were evaluated for the sham, control and transplant groups by an 
analyse of covanance using intracavitary balloon volume as the covariate and systolic 

andtheinteractionbetweengroupxvolume. If mere was an overall difference in the analysis 
of covanance, multiple pair-wise comparisons were performed to specify which groups were 
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different Because there were multiple pair-wise comparisons, a Bonferroni correction was 
performed and the critical alpha level was set at 0.01 for the analysis of covariance. 
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1 J ) VSE OF GROWTH FACTnpg im •n>v* T SNG min PATF r ft* ypf.R TR nwnr 
CARDIOM YOPATHY ( HPUj 

Idiopathic hypertrophic cardiomyopathy (HCM) is a primary cardiac abnormality 
characterized by regional asyrrunetncal myocardxal hypertrophy. The hypertrophic 
myocardium can result in obstruction of left ventricular ejection as well as systolic and 
diastolic dysfunction and myocardial ischemia. Symptoms unresponsive to medical therapy 

can necessitate surgery. 

HCM is described for the most part as a heterogeneous disease of the sarcomeres At 
least 34 missense mutations have been described in the P -myosin heavy chain gene, and 7 
mutations in candidate loci also exist However, family studies suggest that the autosomal 
dommant trait accounts for only 50% of HCM patients. The remaining HCM patients show 
no famuial transmission and the disease occurs sporadically. Myocardial calcium kinetics 
and apathetic stimulation have been studied because of diastolic functional abnormalities 
However, none of these findings explains the regional myocardial hypertrophy 
(cardiomyocyte hypertrophy and over production of extracellular matrix proteins) observed in 
most HCM patients. The etiology of this disease remains unknown. It is thought that growth 
factors may play an important role in cardiomyocyte proliferation, cell hypertrophy and the 
overproduction of extracellular matrix. 

To investigate the involvement of growth factors in myocardial hypertrophy in HCM 
patients, we evaluated gene expression and cellular localization of transforming growth factor 
PI (TGFP1), msulin.like growth factors (IGF-I, -II), and platelet-derived factor-B (PDGF-B) 
in ventricular biopsies obtained from patients with HCM (N = 8), aortic stenosis (AS, N = 8), 
stable angina (SA, N = 8), and explanted hearts with ischemic cardiomyopathy (TM, N = 7). ' 

Methods: Levels of TGFpi, IGF-I, IGF-II and PDGF-B franscripts were quantitated 
using multiplex RT-PCR. Glyceraldehyde 3-phosphate dehydrogenase (G3PDH) was used as 
an internal standard. Antibodies against TGFpi and IGF-I were used to localize their 
peptides within the myocardium. Antisense and sense (control) cRNA probes for TGFpi and 
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Eesuhs: mRNA levels (densitoraetric ratio of GF/G3PDH) of TGF01 and 1GF-I in 
HCM ray ocardiu m( 0.7 5± 0.05.0.85 ± 0.,5, me an ± .SE) were significantly^ 0.01 f ora l, 
groups) elevated in comparison to non-HCM myocardium (AS: 0 . 38 ± ^ Q 2g ± Q „ 
0.32 ± 0.04, 0.18 ± 0.05; TM: 0.25 , 0.03.0, 5 , 0.03, mRNA level of TGFpi and IGF-I " 
m the hypertrophic AS myocardium were greater <p = 0.02, p = 0.05) than those in the 
explanted myocardium (TM). Immunohistochemical and in situ hybridization studies 
showed mcreased expression of TGF P 1 and IGF-I in the HCM cardiomyocy.es. 

Cpjidusion: Gene expression of TGFpl and IGF-I was enhanced in idiopathic 
hypertrophy and may be associated with its development. 

RESULTS 

-rd.ornyocyKs and *,„,, ^ we ^ 

drones described above in Secuons NJ.Ex^pk,. After pu* fi ca,ior.,h«puri., of ,he 
cul.ured ven.nc.Uar and atrial ^yocvles was ^04% „, 

U.epercer^eofcemto^tecardiKmvosinheavychain. Tt« cardiornyocytes 
I» ,„ vnro, connect ^ otnCT „„, formed a ^ ^ ^ ^ ^ rf ^ 

Tne feuil cardiaolike tissue conwoed regularly and spontaneously in culture. TOe adul. 
cardiomyocytes did no. contract in culture. 

2 .Smooa, M a y .| r .r f | |.- Fettl and «tah smooO. muscle cells were successfully 
cultured. The cells prolifen«ed in the adtnre. The cultured cells were sained snongiy with 
antibodies against -smooth muscle actin. 

3. y asC ul a rHndothHi a irHK: Endothelial cells were isolated from blood vessel and 
cultured. Staining with antibody against factor VIII showed that more than 95% cells in the 
culture dish were endothelial cells. 

4. Fjbrpbl*^ Fetal and adult skin fibroblasts were isolated and cultured. The cells 
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proliferated in the culture condition. When the culture reached confluence the cells formed a 
typical fibroblast pattern: spindle-shaped cells in a wave pattern. 

S. Cell Transection- Twenty-four hours after transection of freshly isolated cells, the 
percentage of the transfected cells with P-galactosidase was 18.2 ± 5.2 % (N=6). No cells 
stained positively in the control groups with plasmid P REP4 (N=6) and without a plasmid 
(N=6). After culturing for 4 weeks, 5.4 ± 3.1% (N=6) of the transfected cells stained 
positively for P-galactosidase activity. 

e. Mvocardial Scar Tiw Immediately after myocardial injury, 25 ± 3 % of the left 
ventricular free wall (LVFW) was transmurally damaged. The cardiomyocytcs were 
fragmented. At one week, most of the necrosed cardiomyocytes were gone and a 
predominantly mononuclear inflammatory infiltrate was present in the affected area At two 
weeks e inflammatory infiltrate had almost disappeared and fibroblasts and collagen 
deposition were evident At four and eight weeks, the scar was composed of fibrotic tissue 
The tissue was less cellular and lymphocytes were not observed. No cardiac muscle cells 
were observed in any scar tissue. 

The myocardial scar of the left ventricle increased in size over the 8 week study 
period in the control hearts. Although the scar sizes at 1 and 2 weeks (13 ± 6 % and 21 ± 4 % 
of left ventricular free wall) were not statistically different, the scar size after 4 weeks (39 ± 5 
% of left ventricular free wall) was greater (p<0.01). At 8 weeks mere was a further increase 
(P<0.01) in scar size (55 ± 3 % of left ventricular free wall). 

7. Qptimal Time for Cell Transplantation- The fetal rat cardiomyocytes transplanted 
into myocardial tissue immediately after myocardial damage did not survive in the affected 
area. The scar area (53 ± 5 %) of transplanted hearts was similar to that of the control group 
(55 * 3 % of the left ventricular free wall). Cardiomyocytes transplanted at 2 weeks after 
myocardial damage formed cardiac tissue that occupied 34% of the total scar area (1 1 ± 3 % 
of the left ventricular free wall). Similarly, cardiomyocytes transplanted at 4 weeks occupied 
32% of total scar area (14 ± 4 % of left ventricular free wall). The scar sizes in the hearts that 
received transplants 2 weeks and 4 weeks after myocardial damage were smaller (pO.Ol) 
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than the scar size of the control hearts. The scar size of the hearts that received transplants 2 
weeks after myocardial damage was smaller QxO.01 ) than that of the hearts that received 
transplants 4 weeks after myocardial damage. 

8. Transplanted Cells in Myocardial Srar Twr Cells were transplanted into 
transmural scars two and four weeks after scar cryc-induction. Six weeks or four weeks after 
ventncular cardiomyocyte transplantation (i.e., eight weeks after scar induction in all 
animals), only fetal cardiomyocyte tissue (N=l 7) had formed within the myocardial scar 
tissue. The cells were connected to each other and formed a cardiac tissue patter,. The tissue 
of all 3 animals, transplanted with cardiomyocytes transfected with the p-galactosidase gene 
contained p-galactosidase activity. The transplanted cardiomyocytes contained sarcomeres ' 
and were connected by junctions composed of desmosomes and fascia adherens, which were 
not present in the cardiomyocytes immediately prior to transplantation. Lymphocytic 
infiltration surrounded the cardiac tissue formed by transplanted fetal cardiomyocytes In the 
control animals (N=14), cardiac tissue, lymphocytic infiltration, and P-galactosidase activity 
were not observed in the scar. The eight-week scar was less cellular than the four-week old 
scar tissue. 

Adult rat atrial cardiomyocytes were autotransplanted into the scar tissue of the same 
rat At 6 weeks after transplantation, the transplanted cells were detected in the myocardial 
scar tissue by staining with an antibody against cardiac myosin heavy chain. There was no 
lymphocytic infiltration. No cardiac tissue was found in the scar tissue of control rats. 

At 6 weeks after transplantation, scars transplanted with either alio- or auto- smooth 
muscle cells contained smooth muscle tissue that stained positively for -smooth muscle 
actin. The allotransplants were infiltrated with lymphocytes, indicative of immuno-rejection. 
In contrast, there was no lymphocytic infiltrate or signs of immunorejection in the auto- 
smooth muscle cell transplant 

Fig. 1 shows the improved cardiac function of scarred hearts transplanted with smooth 
muscle cells. Hearts were cryo-injured, after which the mature scar tissue was transplanted 
with allogeneic smooth muscle cells. Function measurements were made four weeks after 
transplantation. The graph shows developed balloon pressures of sham (top line; no cryo- 
injury, no transplantation), control (bottom line; cryo-injury, no transplantation), and 
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■*i t m " um) ham •* ^ - „ of 

that sham of sham hearts (0=0.0001). 

At 6 weeks after transplantation, the transplanted fibroblasts proliferated in the 
myocardial scar tissue The cpIU ^ ,, . 

.ssue. TT, e cells secreted extracellular matrix, which increases the thickness 
of the scar tissue. The transplanted cells alon «i m ,.i„^ 

. _ P"" 1160 ^ also stimulated angiogenesis (see below), which 

^nssue.ocoarolardraals. Tl^scar.issuc^.c^oulartae^Ufhe 

,5 T Z * 48 mn ' (N " 2) ** - lKs (p<001 vL. of 

n the control hearts (N=l 0). 

tasue flamed ^ ^ to ta ^ ^ ^ 



20 



„ 9 'f^'" WM^Tmn, .flu niiT A,4 Biwfa 

aft., r^pta^ e,^^ ^ ^ ^ ^ ^ 

(1.2 * 0.6 vessel nm,', N=14)lhanjathe cor*,! myoc^a, scar toe (0 , * 0 1 
25 vessels/0.8 mm 2 . N-14). 

Similarly, angiogenesis occurred in the atrial cell, endothelial cell, smooth muscle cell 
and fibroblast cell transplants. 
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iV bmfmt CHI, I MM r, rr At 4 10 6 weeks after ^ mma 

of *. cells, the hean rate «, coro^ry flow did « differ among the sham, co,*.. and 
■ransplamed arJ B ais. The control myocar<W „ fc sile of fajury ^ 
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~ ffibrouslissllem<lafewH(MdvKse , SNOCaniiacmuscleor 

r^rr ^• 36 ' 4±4 - 4%<m ^ iis6N = 5 '°^ 1 --^ 

of^eAv^a,^,. ^didn.,^,^^ °< 

of •hecon.acuw,^ ^ 
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^ . '*"MO*« ^ try Tmr | mM n 11 Ven,nW foncio, of 

ta "° 0n VOlunes °- '• " *»« W ^ospbm^d a, 4 ^ 

IndKmea*™,*.* of ^ n the shanw,^ ^p,^ 

«l 4e comrcl heam, an analysis of covanance -taronanaed a sfgrtfican, (p<0 05) 
m^on^w,^^^^,^^^.^.^.^^ 

P-^es Pai™* comparisons dm<marai!d , ^ ^ 
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and deveioped pressures „ ronmi , ^ ^ fc ^ ^ 

Tie footed hearts had bene, (p<0.05> function ,he conrol heam ahhough bod, 
syaohc prcssure and deve,„ped pressure lower ^ ^ ^ ^ 
heam. D«olic pnssures we* si8nificantly |owr ^ ^ ^ 
aanspbrned heam to ^^.ed ^ h^m a, hishc baHoon v„ lllra « due «o toe 
■narked dilatation resulting from myocaidial scar exransku.. 

I Uissue fap in eerd f^ ft Cardiomyocytes, smooth muscle eeUs, fibroblasts and 
^o t h., W cel bwrc „b SCT ved i „d KmK h ofdleg[jfl ., Tnetissuettatfonnedinthemesh 
10 stained strongly with hacmatoxylin and eosin. 



SUMMARY 

F ™*-*veresults,^ 
andn 0n . rauscIecellsincardiacscartissue ^ese ceHs fonned viab.e tissue, aitered structure 
ofthescar Jm p^^ 

the scar. From these results, the following conclusions are drawn: 

1 • Cultured adult atrial cardiomyocytes could be successfully transplanted into the 
scar. The atrial tissue could be digested and the atrial cells immediately transplanted or the 
atnal tissue could be digested, cultured and passaged up to five dmes and then transplanted 
Auto- and al.o-transplantation of cultured adult atrial cardiomyocytes formed tissue within 
the scar. Heart funchon improved. Angiogenesis occurred. No immunorejection occurred 
with auto-transplantation of the adult atria] cardiomyocytes. 
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2. Smooth muscle cells can be successfully auto- or allo-transplanted into the scar 
Smooth muscle tissue formed within the scar. No immunorejection occurred with the auto- 
transplantafon. Angiogenesis occurred. Heart function improved. The cells ca* be fresMy 
isolated, or cultured and passaged before transplanting. 

3. Fibroblasts can be successfully transplanted into scar tissue. Scar thickness 
increased. Heart function improved. Angiogenesis occurred. Host cardiomyocytes survived 
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4. The addition of c^dptae to (he injection site prevented ]**, of the 
transplanted cells from the scar. 

5. A plasmid containing a foreign gene to the scar tissue and heart tissue was 
transfected into the cultured celis to be transplanted. The cells were successfully transplanted 
into the scar tissue and expressed the foreign gene. 

6. Cardiomyocytes, smooth muscle cells, skeletal muscle cells, fibroblasts and 
endothelial cells can be successfully transplanted into fibrous membranes and non-degradable 
or b,odegradable polymers to form tissue. The product of such a process would be a patch 
wluchcanhavevariousclinicaland therapeutic uses. Such membranes may be made from 
Dacronor biodegradable sheets such as polyglycolic acid polymers with or without poly.actic 
^ polymers. Such a patch can be associated with a pacemaker and be implanted close to a 
cardiac defect thereby providing a means of paced cardiomyoplasty. 

7. Cell combinations could be successfully transplanted to form tissue within a scar to 
improve function, to stimulate angiogenesis and to form tissue. 

8. The optimal time for transplantation is immediately after the acute inflammatory 
response to the myocardial injury has disappeared. 

9. Adult mammalian atrial and ventricular cardiomyocytes can be successfully 

isolated from human myocardium, cultured, passaged and stored using the cell culture 

procedure described for human cardiomyocytes described in the Human Cell Isolation, 

CultunngandStoragesection. Human cardiomyocytes can be prepared for long term storage 

mhqu.ddtrogena.dthawedforculturingasdescribed. Such cultured cells can then be used 
in forming grafts as discussed above. 



1 0. The biological glue technique used in the cell transplantation procedure i 
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10 



WO 98/54301 

PCT/CA98/00520 

-32- 

^^^^^^^^ Thismve^ionenhatttcotne 
«»*« success rate and tnaxrmfced ta,^^, of ta 

Co-tnu^lantarion of growtj, flctore ^ , 0F . n ^ 

"--■*■«■*- indue* tmnsp^ed muscle ^ 

^ f^rscan be ^^^ te>]oiieOTiiicoiiibiMiioii ^ 
•nc^^an.ed^e^^^^^^^^ 

myocardial tissue. 

1.. ^^c-be^pteyedu.^^na,^,^^^ 
congeni,., defects, ^-.-^^.fc^^^ 

*c ^yed regton. taP^ of. collect of ceHs could res»re ^ Md improve 
the qua..., of l,fe of pafe* ^ ^ 

Most acquired or congenital cardiac defects are closed with men materials 

'^^^■^^^^^^^^ 

closesuchcardiacdeteca. The graft would employ myocytes enhanced with genes to 
■"J-pcrMonandcon^ry^i^^^^^^^ 

mtravascula, do, formahon to the he». The ^ 

peered so tha, tbey produce proteins *. prevent Co, taurdon on u,e blood surface, 
The ceUular grafts will permit closure of quired m, congenita, cardiac defects with 
runcuomng tissue which may improve heart function. 

13. Cardiac surgeons frequently remove segments of the hear, which have been 
damaged or are defective due to congenial abnonnalitfes. A cellular graft permits an 
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may consts, of myocyfcs ^ „„ y,,^^ ^ ^ 
g ro«™o„ lh cb 10 o, hl ^ e ^.^^, sw , 1 ^ ttaf ^ g8raSwj . chwii| 

^e^o„^a l *e lim eo f ^.Th.^ on ^ myocariii6rajicoiild 

■he decoyed regtons. The funcuoning gmft eould ^ 
pulmonary circulation f„ r p^ts ^ 3^ ^ ^ 

reconsmtctivesu^ery. Afimcdontag^yoc^^o^^^^ 
improved quality of life to disabled individuals. 

EFFECT OF DONOR AGE ON CONTRACTILITY OF TRANSPLANTED RAT 
CARDIOMYOCYTES 

The inability of he*, — 10 ^ ^ ^ 

.n.pom„, elimea, problem. Our previous rese*c„ has ta s^viva! and conchy of 
planted I fee, * c^iomyoeytes (CMs) in adul, ra, steleal muscl , t,* ptKOT , 
focuses on the effect of donor age or, contractility „f transplanted CM,. 

Methods: 

C ^^-'^f™rn 18 ^y gMUu on,5.,22, 32,and„2^y„,d Spragae . 
^eyratheansandculturedfor 1 day. 2to 5 x 10^ ce,U in saBne ^ inje^ into 
* «al muscle of one adult rat ,eg. The omer ,eg (con*,!, inject vWd, sahoe alone 
Mv.ab.hty and hmetion w« assessed visuaUy «. by ^ e^^, 



Results: 



In fte groups »i«h panted fetaj (o ,, 2) m<1 ^ ^ 
^onsCTa.nbe^mm^,^^^,^^^^ 

transplant These ^o^ ^ no, obse^ed i„ the conM legs. ConUacuons 
wen, no, obsen^d a. she, transplanted with CMs Horn 22, 32-, and 62-day donor animals 

(n=4forall groups). 
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Conclusion: 



r^O^Z TRANSMURAL ^ D '° '^ROVE CARDUC 
FUNCTION IN INFARCTED HEARTS. 

s ^« yaflermyocadiaIinfiraion(eg inMri . ^ n^^^ 

- allogeneic Md synge^ic endothelial ^ . mo myocaid . a| 

M^,^*: Transmural scars were produced at the left ventricular free wail 
1! t, ^^^'^^^^.^•^maorucendo.Jtelia.ceus 
° raK '-^PP^««hcyclospori„ A(yra ^ v)TMSplai ^ cel 

*™-«^^ lmd7 .teuotatdayu^, .A^weeksafter 
'^a^or.aeuurrteof^^ta^^^^^ 

^«-s te ^hear,^ rahTOMtwo6roupsmMsiiraabyp 

Langendorf preparation. 

Gaclusjojj: biogenesis was induced in the scar tissue by endothelial cell 
^sptatanon. Since no myocyu* were p^nt in the sear. function did nottaprove 

->U relieve angina and restore fiinction. 
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autologus transplantation. 

«ta-m«-p««. M » W4Nia .36.9,KC 1 2.7,N,, H PO < 8. 1 ,KH ; P04 , 5 pH 

« iNM. Hk pority of^otelia. ell cuhures was conftaed „ y . 

«*. Ub.ra.ry, Inc) „ 37*c f.r 45 thvnes. ^ incubatfon , Klb ^ 

0 mmmes pe, wash, with PBS, «i inverse fa o^beraMne-HA (2m»Vtal 
<-*Md* 0.03% HA i. 0.02n,l/l plrasp ha,e ^ fc , , 
fad wash in PBS, the samples were photographed. 
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Quantitation of VEGF Protein Levels in Cultured Endothelial Cells and Secreted by 
Cultured Cells: Purified endothelial cells were cultured in cell culture medium for 3 days. 
The supematants (n=5) were collected, centrifuged at 14,000 g for 10 min. to remove cell 
debris, and were saved for protein quantitation. The cultured cells (n=5) were washed 3 times 
with PBS and collected by scraping with cell scraper. After centrifugation at 580 g for 3 
min., the cell pellets were resuspended in 1 ml of PBS and sonacated for 1 min. The samples 
were cenuifugated at 14,000 g for 10 min. The supematants were collected for protein 
quantitation. The protein concentration was measured using the Bio-Rad protein assay 
(Bio-Rad, Richmond, CA). VEGF protein levels in culture medium and endothelial cells 
were quantitated by chemiluminescent slot blot anaiysis. Culture medium incubated without 
cells was used as a control. Forty micrograms of protein from culture medium or from 
cultured endothelial cells were loaded onto a 0.2um nitrocellulose membrane (Schleicher & 
Schuell Inc., Keene, NH) using the Minifold II Slot Blotting System (Schleicher & Schuell 
Inc., Keene, NH). Standards of VEGF (2, 5, 10, 25 ng) (Sigma, Mississauga, ONT) were 
loaded on the same membrane. After drying at room temperature for 1 0 minutes, the 
membrane was washed twice in TTBS buffer (50 mM Tris-HCl buffer P H 7.4 and 0.1% of 
Tween-20) for 5 minutes. Subsequently, the membrane was treated for 60 minutes with 
blocking buffer (Boermnger Mannhein, GmbH, German). Monoclonal antibodies against 
VEGF (Sigma, Mississauga, ONT) (1:3000, diluted with 0.5 x block buffer) were added and 
incubated overnight at 4«C. After washing twice with TTBS for 5 minutes each, the 
membrane was incubated with goat anti-mouse-HRP conjugated antibody (1 :3000 
diluUonXBio-Rad Laboratories, Hercules, CA) for 60 minutes at room temperature. The 
membrane was again washed twice with TTBS for 10 minutes twice. VEGF proteins were 
detected by chemiluminescence using the Boehringer Mannheim detection kit (Quebec, 
Canada). A densitometry analysis of the standard and sample bands was performed wiih a 
Bio-Rad image analysis system (Bio-Rad Lab. Hercules, CA). Standard curves of VEGF 
were generated and VEGF quantity in culture medium and cultured endothelial cells was 
calculated based on the standard curve. The results (mean ± SD) are expressed as ng of 
VEGF/mg protein. 

Preparation of Cells for Transplantation: Cultured endothelial cells were passaged 
twice before transplantation to increase the number of cells. Prior to transplantation, the 
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M ccHs were daarted ^ cuhlrc „ ^ „ 05% 
•—no. of . o x i* ciwou,. A «,„, suspOTsjon ^ ^ for 

transplantation. 

k«»n,ne hydride (20mg/kg ^ ^ ^ ^ 

sod.ua, pentoba^ (30m8/lg tody ^ ^ ^ ^ ^ 

(0,-, .<,,, ustog . ^ ^ ^ ..^^ ^ 

10 dunng operation. 

IT' exposed .ta^^^j^^^, ^ ^ 

— *>"C by » Bqi »d ntaosea ,, ^ appHed „ fc 

LVFWor^^^^p^^^^^^^^^^ 

pen.cH.no •«WU M )-. Ii « taMM , (llll » i)l-Nl-ii ^ 

"""^ - — — «* -* 0P-»0n .n. c^oinj^ 
nmdomly d,vided too tw> g^ mmp^^ ^ ^ 

was performed. Under genml ^ _ ^ ^ ^ ^ 

~y. Endou^a, cei. suspension (60u,, 6X.0- ^ m tajecttd tat0 „. ^ rf _ 

«*- Media was inject ,„,o ft. sea, to ft. corto, group. ^ ches, »as Cosed with 3-0 
CSmg/kg/day) was admhiaered subcutaneo^ly to both tiptoed a*, Co.,,,, 

identified in two ways. 

(1) At day 1, 7 and 14 post transplantation, two rats from transplanted and control 
groups were sacrificed by exanguination under general anesthesia. The hearts were fixed in 
wuh 10% phosphate-buffered formalin solution for2days and cut into 3-mm sections Tne 
secaons were fixed in 5% glacial acetic acid in methanol, embedded in paraffin and , 



25 



30 



I cut to 
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yield 10 urn which were stained with hematoxylin and eosin as described by the manufacturer 
(Sigma Diagnostics, St Louis, MO). 

(2) The transplanted cells also were identified by detection of green fluorescent 
protein expressed by the transplanted cells. At 2 days pre-transplantation, cultured endothelial 
cells were lipofectamine-transfected with a plasmid encoding green fluorescent protein. The 
transfccted cells were cultured, harvested and transplanted as described previously. At end of 
the study, monoclonal antibodies against green fluorescent protein were used to localize the 
transplanted endothelial cells by avidin-biotin-peroxidase complex technique (Hsu, S.M. Am. 
J. Pathol., 75:816-821, 1981). Briefly, sections were incubated with a solution of 3% H,0, in 
70% methanol for 30 minutes to inhibit endogenous myocardial peroxidase. Nonspecific 
protein binding was blocked with 2% normal goat serum in 0.05 M Tris buffer (pH 7.4) for 
1 5 minutes, primary antibodies against green fluorescent protein (Cedarlane Lab., Hornby, 
Ontario) were added and the samples were incubated at 37°C for 30 minutes followed by an 
overnight incubation at 4»C. Negative control samples were incubated in PBS (without the 
primary antibodies) under the same conditions. After washing with PBS (three times for 5 
minutes each), a biotin-labeled secondary antibody (1 :250, Vector Lab. Inc. Burilingame, 
CA) was added and the specimens were incubated at room temperature for 1 hour. The 
samples were rinsed 3 times for 5 minutes each in fresh PBS and reacted with an 
avidin-biotin complex conjugated with peroxidase at room temperature for 45 minutes. 
Visualization was performed with a diaminobenzidine solution (0.25 mg/ml in 0.05 Tris-HCl 
buffer containing 0.02% HA) for 10 minutes. The samples were then covered with crystal 
mounts and photographed. 

Blood Flow Measurement with Radionuclide-labeled Microspheres: At six weeks after 
transplantation, blood flow to the normal and scar tissue in the transplanted (n=9) and control 
groups (n=8) was measured using radionuclide-labeled microspheres (Pang, C.Y. Plastic and 
Reconstructive Surgery 74(4):513-521. 1984). Rats were anesthesized and heparin sodium 
(200 units) was then administered intravenously. Hearts were excised and perfused in a 
Langendorf apparatus with 0.9% saline solution to wash out all blood cell remnants in the 
coronary vascular bed. Ten ml of 20 mEq KC1 solution was injected through the coronary 
arteries to arrest the heart completely, and the heart was perfused with 0.9% saline solution 
for 10 minutes. 
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"Co-labeled microspheres (5 uCi, New England Nuclear, Boston, MA) were 
suspended in 2 ml of 0.9% saline containing 5% sucrose and 0.05% Tween 80 The 
suspense was vortexed vigorously for 2 minutes immediately before injection The 
"'^--rein^ 
5 ascending aortic root. 

VenniCes were dialed into ^ ^ ^ ^ Md ^ fa fc 
an*. Bad, secuon weighed ^ ^ ^ 

counter a, .he window s«ung of , l0 „ I38 KeV fc ^ ^ ^ 

was calculated, expressed as the percentage, and compared between transplanted and control 

ncarts. 

Hear, F^ion Wmwtow , six ^ ^ ^ 
0) and ^ (n=9) g^ was m easured using a 

an he^^poo^^was^^^^ ^ 

and perfused a, 37X in a I^gendorf apparatus with furred Krebs-Hansefci. buffer 

« N aC, n^co.KH^ ...CaC.^.MgSO. UNaHCO.^ucose „, 

pressure transducer (Mode, p.OEZ; Viggc-Spectramed, Oxnard CA, and a transduce, 
arnphfier and differentiator amplifier (Model .1-C4H3.01; Gotdd InsWn, Syaen, .nc 

VaJIey View OH). 

After 20 minutes of stabilization, the coronary flow was measured by the timed 
collect™ in the empty beating state. The balloon size was increased in 0.02 m, increment 
^O.CMtoO.eoubytheadditionofsaJinesolution.r.e^ 
and maxunal and minimal dp/dt were recorded at each balloon volume. The developed 
pressure was calculated as the difference between the systolic and end-diastolic pressure 

Measures of Left Ventricular Remodeling: The epicardial and endocardiaJ surfaces 
of the normal and scar tissue in the LVFW were measured by the technique of Pfeffer (Pfeffer 
Am J Physiol 1991;260:H1406-14) and Jugdutt and Khan Circulation 1994;89-2297-307) 
Bnefly, the hearts were fixed in distension (30 mmHg) with 10% phosphate-buffered 
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m s^ce were n**^ ^ volume _ measmd ° f *• 
^ ' *- «-» Cor* Made™, ca, 

LVFW+epicardial LVFW) X 100. 

— isfccberoica, ^ of ^ ^ ^ ^ totettd 

*™e or ---M^^^^a^^^^^^ 

r^sp^d 

expressed as the r^ber of .^^g^ 

ntr t* m k,,s * ^ *— ° f m — — W- •* 

-.-UbW* ^ ^ „„„„„ rf ^ ^ ^ 

were same * described above, excep, iha, cyclosporin was r»« adhered ate K ll 

transplantation. 

Sto^^,. Data were expressedasthe m ean ±s tandardenor.Statisd^ 
Analysis System sofW was used for all analysis (SAS Institute, Gary, NC). Student s 
"est was used for comparison of the results. Cardiac function data were evaluated for the 
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transplantation and control groups using intracavitary volume as the variant factor and 
systohc, end-diastoli c , and developed pressure as dependent variables. 



Results 



Cultured endothelial cells were distinguished from fibroblasts and vascular smooth 
muscle cells by morphologic criteria and growth characterisUcs. The endothelial cells were 
oval shaped, in contest to the spindle-shape of cultured fibroblasts and vascular smooth 
muscle cell, Cultured endothelial cells grew in a "cobblestone" pattern whereas fibroblasts 
grew ,„ a "whirling" pattern and vascular smooth muscle cells grew in a "hill and valley" 
patten, In addition, cultured endothelial cells stained positively for factor VTII-related 
antigen. The purity of the culture to be transplanted was more than 95%. 

We found that cultured vascular endothelial cells contained VEGF (0.007 and 0 005 
ng/ug of cel. protein, N=2). The VEGF molecules in the cultured cells were secreted into 
cultured medium: VEGF protein levels (0.33 1 and 0.229 ng/50 ul, N=2) in conditioned 
mednun (i.e., in which cells were cultured) was greater than in medium not exposed to 
endothelial cells (0. 1 43 ng/50 ul, N=l ).. 

At one day after ^plantation, two rats in the transplanted group were sacrificed in 
order to identify transplanted cell, A large endothelial cell cluster was observed within each 
scar. There was no increased capillary network around the cell cluster, compared with 
control rats. 

At one week after transplantation, there were some capillaries around the transplanted 
endothelial cel. cluster within each scar. The size of the endothelial cell cluster was, however 
much smaller than that observed one day after transplantation. 

At two weeks after transplantation, there were more capillaries within the scar but the 
endothelial cell cluster was no longer present. 

Six weeks after transplantation, the number of blood vessels in the scar tissue of the 
transplanted group (3.4 * 2.0 vessels/0.8 mnr\ n=10) was significantly greater (p<0.01) than 
wttiun control (non-transplanted) scars (1 .0 ± 0.6, n=9). Most of blood vessels are capillaries 
wtthout smooth muscle components. In agreement with the number of blood vessels, the 
blood perfusion (represented as microsphere count) in the scar tissue of transplanted hearts 
(6.85 ± 2.27«/o of normal myocardium) was greater (p<0.01) than that of control hearts (3 78 
±0.99%) (Fig. 2). 
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and heart rate (Table 1 ). ^ II0W 



15 



^e^nodynatnics and heart dimensions in transplantation and control groups'- 



Heart rate 


Ventricular weight Ventricular volume 


Scar size 


(bpm) 


(g) 


(ml) 


(mm 2 ) 


279+/-15 


1160+/-168 


1.86+/-0.27 


109+/- 19 


289+/-19 


1150+A137 


179-/-0.21 


110+/-19 
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" Data are shown as the mean +/- standard error 

fc There were no significant differences in all parameters between two groU p S . 

The transplanted endothelial «*.ls stimulate angiogenesis, demonstrated by an 

nssue as .Nustrated by microsphere perfusion studies. However, the induced angiogenesis in 
transmural scar tissue did not improve infarct* heart function. 

There are three possible mechanisms of increased angiogenesis by endothelial 
transplantation: (1) formation of blood vessels by transpl^ endothelial cells- (2) 
oogenesis stimulated by growth factors secreted by transplanted endothelia, cells- (3) 
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angiogenesis stimulated bv an inflame* 

^ ^ ^^^^^"'^ by flamed ^doMa, 

«i b « mw in blood VKSd foraiaioa * 

10 ^ , • rauon > but did not observe transplanted cells after 14 days do S i 

reaction around capillary vessek in tk- rr , """uxogic 

^ ' '" USCleCe " S « he*, ^ zi „ 

h^ btamalysisoffiactionjlteewreiio<iifrnHKK 



™ ~ sea, e,pa»s,„„ „ a lWcular dilaaton 

5 increased number of capillar ves*,. wiu,™ ,h. , «!<*>«*■ We observed an 

endothelials lnZ^ L 1 

a, cells. I„ corurast, „ e obsKve(i „ illcreased number 

"* ^ — "f — I- cells and eardiom^ 
10 «*anced. »,„ „ pMsiMe „ ^ ^ ^ ^ ^ 

those cells for subsequent auto co-transplantation 

" ^andfeches.^lftT* ^ ^ ^on fctween th. scar 

area may result from two sources, one from coronary arteries and the nth»r 
from the ches, w*, by nolKOTollaIy ^ - ' ^ 

"^^ofan^^^,,^^^ 

^^at'on, injection of microspheres into left atrium or left ventricle in vivo may be more 
ttansmu^irtlarct area, and bonleriiiie area. ^ Wood flow to me borderline arKB^vaT^ 

Ormu L TTME FOR CARMOMYOCYTE TRANSPLANTATION FOR 
N^OsT" MYOCARI)IAL FUNCT,ON A " ER LE " VENTRICULAR 

■nflanuna^reacuons. During this ^cess tbe necrosed cardiac cells a* replaced with 
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fibrotic tissue and ventricular remodeling proRresses Vp„, • , 

a* and ventricular ftancta,. We had show, *,.«-,. r , M . P-«=r« chamber 



Summary 
Methods: 
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(1) Scar exparsi„„ ^ Thl: ^ ^ 
c-yo-.^and^.cararea^™^^^.^,^ 

were ^ 2 ^ 

-0 a e, ^. At , weeks a«er crvc,„ jmy , m _ ^ ^ 

OA^m.ralto^^^^^ 
^onwasmoreevidenu, , week .ha, 2 weeks. AMougn.nesearsKedidno, * 
s^candvcbansebe^^ , and 2, i, expanded (pO.O., a. 4 weeks 

(2)A « 8 -*^™y^ i a 1 i„ j ^, cai d tomyoc ^^^ inim ^ 
anerrnyocaKua, .njury were „ M follnd „ „. myocanltal «« ^ to 

—1 ^weres^,.,^^^^, ^ 
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[) 



a. 2 and 4 weeks fornKd ^ dss|K ^ M% ^ 3 ( % a{ ^ 

-pectiv.ly. and limned (^.o, , ^ expansion w ^ ^ 

pressure was greater (p<0.01) io the hearts transplanted cells at 2 weeks than at 4 weeks 

Cardiomyocyte transplantation was most successful after the inflammatory reaction 
resolved and before significant scar expansion and ventricular dilatation occurred. 

Material and iVf^fh^o 

Experimental animals: All procedures performed on animals were approved by the 
Arumal Care Committee of The Toronto Hospital. Experimental animals used were male 
Sprague-Dawley rats (Lewis, Char.es River Canada Inc. Quebec, Canada), weighing 450 
grams. Cardiomyocytes obtained from 1 Way gestational rat hearts were cultured prior to 
transplantation. All experiments were performed according to "A Guide to the Care and U K 
of Experunental Arumals" of the Canadian Council on Animal Care and the "Guide for the 
Care and Use of Laboratory Ammals" NIH publication 85-23. revised 1985). 

Cardial scar generation and evaluation: Myocardial scar tissue was generated as 
desenbed in Example I above. Briefly, rats were anesthetized with ketamine (22 mg/kg body 
weight, intramuscular) followed by an intraperitoneal injection of pentobarbital (30 mg/kg 
body weight). The anesthetized rats were Abated and positive pressure ventilation was 
mamtamed with room air supplemented with oxygen (6 L/minute) using a Harvard ventilator 
(Model 683, South Natick, MA, USA). The rat heart was exposed through a two cm left 
lateral thoracotomy. Cryo-injury was produced at the left ventricular free wall (LVFW) with 
a hqutd nitrogen probe. The muscle layer and skin were closed with 5-0 vicryl sutures The 
rats were monitored for 4 hours postoperatively. Penlog XL (benzathine penicillin G .50000 
U/rol and procaine penicillin G 150,000 U/ml) were given intramuscularly (0.25 ml/rat) every 
three days for 1 week after surgery and buprenorphine (0.01-0.05 mg/kg body weight) was 
admmistratcd subcutaneously every 8 to 1 2 hours for the first 48 hours following surgery. 

The LVFWs of 35 animals were cryc-injured. Immediately after cryo-injury and at I 
2, 4, and 8 weeks after injury, 7 animals chosen at random were sacrificed under general 
anesthesia (see Fig. 5 for a schematic diagram of the experimental design). The hearts were 
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then fixed in distension (30 mm Hg) with 10% phosphate-buflFered fonnalin solution for 
24-18 hours and then cut into 3 mm thick sections. All sections were used for assessment of 
myocardial and scar sizes. For each section, the area of scar tissue in the LVFW was traced 
onto a transparency and quantified using computerized planimetry (Jandal Scientific Sigma 
Scan, Fairfield, CT., USA). Scar length was calculated as the average of endocardial scar 
length and epicardial scar length. Scar area was calculated as the scar length X section 
thickness (3mm). The total scar area in size was calculated as the sum of the scar areas for all 
of the tissue sections showing scars. The LVFW myocardial size was calculated using the 
same equation. The percentage of the LVFW occupied by the scar was calculated as scar 
size/LVFW size X 100. 

Histological studies: The fixed heart sections were embedded in paraffin and cut to 
yield 10 jim thick sections. The sections were stained with haematoxylin and eosin as 
described by the manufacturer (Sigma Diagnostics, St. Louis, MO). 

Cell culture and preparation for transplantation: Cardiomyocytes from fetal rat 
hearts were isolated, purified and cultured as previously described (Li, R-K, et al. J. Tissue 
Culture Methods 14:93-100, 1992). Briefly, the cells were cultured for 24 hours in Iscove's 
modified Dulbecco's medium containing 10% fetal bovine serum, 100 U/ml penicillin and 
100 ug/ml streptomycin at 37EC, 5% CO, and 95% air. The cultured cardiomyocytes were 
detached from the cell culture dish with 0.05% trypsin in phosphate-buffered saline (PBS). 
After centrifugation at 580 X g for 3 minutes, the cell pellet was resuspended in culture 
medium at a concentration of 16 X 10* cells/ml. A 0.25 ml cell suspension was used for each 
transplantation. 

Cardiomyocyte transplantation. The LVFW of 56 adult rat hearts were cryo-injured 
as described above. The animals were randomly divided into 3 groups (see Fig. 5, bottom). 
In group one, 8 animals were transplanted with cultured cardiomyocytes (transplant) and 8 
animals were transplanted with culture medium (control) immediately after myocardial 
injury. In group two, animals were transplanted with cells and culture medium (N=8 each) 2 
weeks after myocardial injury. In group three, control and transplanted animals (N=12 each) 
were transplanted 4 weeks after myocardial injury. All animals were maintained 8 weeks 
after the transplant procedure. 

Under general anesthesia, the hearts were exposed through a midline sternotomy. A 
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fetal rat cardiomyocyte suspension (0.25 ml, 4 X 10* cells) or culture medtum (0.25 ml) was 
injected once into the center of the scar tissue of the transplanted and control animals, 
respectively, using a tuberculin syringe. The chest was closed with 5-0 vicryl sutures' 
Antibiotics and analgesics were given as described in the "Myocardial Scar Generation a*d 
Evaluation" section below. Cyclosporin A, at a dose of 5 mg/kg body weight/day was 
administered subcutaneously to the control and transplanted rats. The rats were housed in 
cages with filter tops. 

Myocardial function studies: At 8 weeks after myocardial injury, the heart function of 
control and transplanted animals transplanted at 0, 2, and 4 weeks after myocardial injury was 
measured using a LangendorfT preparation (Stephen, S.E. Annals of Thoracic Surgery 
59:1127-1133, 1995). The rats were anesthetized and heparin (200 un.ts) was administered 
mtravenously. The hearts were quickly isolated from rats and perfused in a Langendorff 
apparatus with filtered Krebs Heinseleit buffer (mmol/L NaCl 118, KC1 4.7JCH 2 P0 4 1 2 
CaCl 2 2.5, MgS0 4 1.2, NaHCO, 25, glucose 1 1; P H 7.4) equilibrated with a 5%C0 2 and 
95% O, A latex balloon was passed into the left ventricle through the mitral valve and 
connected to a pressure transducer (Model plOEZ, Viggo-Spectramed, CA) and transducer 
amplifier and differentiator amplifier (Model 1 1 -G4 1 1 3-01 , Gould Instrument System Inc 
Ohio). After 30 minutes of stabilization, the balloon size was increased in 0.02 ml increments 
from 0.04 to a volume, at which end diastolic pressure was 30 mm Hg or more by the 
addition of saline. The systolic and diastolic pressures were recorded at each balloon volume 
and developed pressure was calculated as the difference between the systolic and diastolic 
pressures. 

Measurement of left ventricular free wall remodeling: After function measurements, 
the hearts were fixed, sectioned, and traced onto a transparency. LVFW and scar sizes were 
quantified using computerized planimetry as described in the "Myocardial Scar Generation 
and Evaluation" section. The transplanted tissue size as a percentage of the scar size was 
similarly calculated. 

Histological identification of transplanted muscle cells in the scar tissue: Fixed heart 
sections were embedded in paraffin, and cut into 10 urn thick sections. The sections were 
stained with hematoxylin and eosin as described in the "Histological Studies" section above. 

Heart sections containing transplanted cells also were stained for myosin heavy chain 
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(MHC) (Rougier Bio-Tech, Montreal). After deparaffinati n and rehydration, samples 
incubated for 30 minutes with a solution of 3% H A in 70% methanol to inhibit endogenous 
myocardial peroxidase. Triton X-100 (0.2%) was used to treat samples for 10 minutes to 
enhance ceil permeability. After blocking nonspecific protein binding with 2% normal goat 
serum in 0.05 M Tris buffer (pH 7.4) for 1 5 minutes, primary antibodies against HCM 
(1:1000) were added and the samples were incubated at 37«C for 30 minutes followed by 
overnight incubation at 4»C. Negative control samples were incubated in PBS under the 
conditions. After samples were washed with PBS, a biotin-labeled secondary antibody 
(1 :250) was added and the samples were incubated at room temperature for 1 hour After 
rinsing with PBS, the samples were exposed to an avidin-biotin complex conjugated with 
peroxidase at room temperature for 45 minutes. Visualization was performed with a 
diaminobenzidine solution (0.25 mg/ml in 0.05 Tris-HCl buffer containing 0.02'/. H A ) for 
1 0 minutes. The cellular nuclei were counter-stained with hematoxylin for 1 minute. The 
samp!es\vere covered and photographed. 

Data Analysis: Data are expressed as the mean ± standard error. The Statistical 
Analysis System software was used for all analysis (SAS Institute, Gary, NC). Comparisons 
of continuous variables between more than two groups were performed by a one-way analysis 
of vanance. If the F ratio was significant from the ANOVA, a Duncans multiple-range t test 
was employed to specify differences between the groups. The critical alpha-level for these 
analyses was set at p<0.05. 

Functional data were evaluated for the control and transplant groups by an analysis of 
covariance (ANCOVA) using intracavitary balloon volume as the covariate and systolic, 
diastolic and developed pressure as dependent variables. Main effects were group, volume, 
and the interaction between group and volume. 

Results 

Histological and morphological changes of the hearts after myocardial injury: 
Immediately after cryo-injury, 25±3% of the size of the LVFW was transmural^ damaged. 
TTie cardiomyocytes were fragmented (Fig. 6A). At one week, most of the necrosed 
cardiomyocytes were gone and a predorninantly mononuclear inflammatory infiltrate was 
present in the affected area (Fig. 6B). At two weeks the inflammatory infiltrate had almost 
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fetal caidiomyocytes; 
adult fibroblasts; 
fetal fibroblasts; 

smooth muscle cells; 
endothelial cells; and 
skeletal myoblasts. 

6 2- The method of claim] wh^;„ 
4 - The method of claim o ^ . 
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5. The method of claim 4 wh 
6 - The method of claims 
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10 ---^^ 

^cardiomyocytes ^ ^ ^ ^ ^ consisting of: 

fetal cardiomyocytes; 
adult fibroblasts; 
1 fe tal fibroblasts; 
smooth muscle cells; 
endothelial cells; and 
skeletal myoblasts. 

transformmg growth factor -pi ; 
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mercaptoethanol; said culture medium being added in a ratio of 20 volumes of culture 
medium to 1 volume of said digesting solution; 

d) ccntriruging the resulting solution at 58. x g for 5 minutes and discarding the 
supernatant; 

0 re-suspending the pellet in fresh culture medium; 
0 culturing the suspension in 10% fetal bovine serum and 0.1 mM 0- 
mercaptoethanol; and, 

g) isolating cardiomyocytes from the culture. 

13. The method of claim 12, said method further comprising passaging of said 
carAomyocytes, wherein the cardiomyocytes are sub-cultured with a sub-culturing enzyme 
so.ut.on comprising 0.01'/, trypsin, 0.02% glucose, and 0.5 mM EDTA. 

14* The method of claim 12, wherein said method further comprises storing said 

1 5 cardiomyocytes by: 

a) dissociating cultured cardiomyocytes from the culture plate using said sub- 
culturing enzyme solution; 

b) adding said culture medium wherein said culture medium is in a ratio of 5 volumes 
of culture medium to I volume of said sub-culturing enzyme solution; 

c) centrifuging the solution at 581 x g for 5 minutes; 

d) discarding the supernatant and ^suspending the pellet in 1 mL IMDM containing 
20% fetal bovine serum and 20% glycerol; and, 

e) freezing and storing the resulting suspension in liquid nitrogen. 
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15. The method of claim 14, wherein said method further includes thawing the frozen 
sample at 37'C and culturing said cardiomyocytes for 3 to 5 days in a solution of IMDM 
containing 20% fetal bovine serum. 



1 6. A method for culturing cardiomyocytes from adult mammalian myocardial tissue 

30 comprising: 

a) comminuting said myocardial tissue; 
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b) digesting said tissue for IS minutes in a digesting solution containing 02% trypsin 
and 0.1% collagenase dissolved in phosphate buffered saline; 

c) separating the digested tissue solution and digesting the remaining tissue with fresh 
digesting solution for 10 minutes; 

d) combining both digested tissue solutions from steps (b) and (c) and adding thereto 
a culture medium comprising Iscove's modified Dulbecco's medium (IMDM), 10% 
fetal bovine serum, and, O.lmM Nnercaptoethanol; said culture medium being added 
in a ratio of 20 volumes of culture medium to 1 volume of said digesting solution; 

e) centrifuging the resulting solution at 581 x g for 5 minutes and discarding the 
supernatant; 

0 re-suspending the pellet in fresh culture medium; 

g) culturing the suspension in 10% fetal bovine serum and 0.1 mM p- 

mercaptoethanol; and, 

hi isolating cardiomyocytes from the culture. 

1 7. The method of claim 16, wherein said method further includes passaging of said 
cardiomyocytes, wherein the cardiomyocytes are sub-cultured with an sub-culturing enzyme 
solution comprising 0.01% trypsin, 0.02% glucose, and 0.5 mM EDTA. 

1 8. The method of claim 1 6, said method further comprising the steps of: 

a) dissociating cultured cardiomyocytes from the culture plate using said sub- 
culturing enzyme solution; 

b) adding said culture medium wherein said culture medium is in a ratio of 5 volumes 
of culture medium to 1 volume of said sub-culturing enzyme solution; 

c) centrifuging the solution at 581 x g for 5 minutes; 

d) discarding the supernatant and re-suspending the pellet in 1 ml IMDM containing 
20% fetal bovine serum and 20% glycerol; and, 

e) freezing and storing the resulting suspension in liquid nitrogen. 
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19. The method of claim 18, said method further including thawing the frozen sample 
at 37'C and culturing said cardiomyocytes for 3 to 5 days in a solution of IMDM containing 
20% fetal bovine serum. 



20. A method of treating defective, damaged or scarified heart tissue, said method 
comprising transplanting into said tissue a graft of cells chosen from the group consisting of: 

adult cardiomyocytes; 
fetal cardiomyocytes; 
adult fibroblasts; 
fetal fibroblasts; 
smooth muscle cells; 
endothelial cells; and 
skeletal myoblasts. 

21. The method of claim 20, where said adult cardiomyocytes are derived from atrial 
tissue, wherein said ceUs in said graft are adult cardiomyocytes and endothelial cells, wherein 
said cells are directly introduced into said heart tissue, or wherein said graft is a patch 
comprising said cells suspended on a biologically acceptable biodegradable or non- 
degradable scaffolding. 

22. The method of claim 21 comprising the steps of: 

(a) surgically removing defective heart tissue thereby creating an opening; and, 

(b) attaching said graft to said opening to form a water tight seal. 

23. Isolated cells for transplantation into myocardial scar tissue, said cells selected 
from the group consisting of: 

adult cardiomyocytes; 
adult fibroblasts; 
fetal fibroblasts; 
smooth muscle cells; 
endothelial cells; and 
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skeletal myoblasts, 

wherein said cells survive in said myocardial scar tissue after transplantation into said 
myocardial scar tissue, and wherein said cells improve cardiac function, relative to cardiac 
function of a heart having similar myocardial scar tissue that is not transplanted with said 
cells, wherein cardiac function is assessed by at least one of the criteria in the group 
consisting of: area occupied by said scar tissue; vascularization of said scar tissue; blood flow 
to said scar tissue; developed pressure, systolic pressure; end diastolic pressure; and dp/dt. 

24. The cells of claim 23, wherein said cells for transplantation consist of a 
combination of adult cardiomyocytes plus endothelial cells. 

25. A method for testing a pharmacological agent, wherein said pharmacological 
agent is for preventing or ameliorating cardiac damage during cardiac surgery, said method 
comprising exposing said pharmacological agent to isolated cells selected from the group 
consisting of: 

adult cardiomyocytes; 
adult fibroblasts; 
fetal fibroblasts; 
smooth muscle cells; 
endothelial cells; and 
skeletal myoblasts, 

wherein said cells survive in said myocardial scar tissue after transplantation into said 
myocardial scar tissue, and wherein said cells improve cardiac function, relative to cardiac 
function of a heart having similar myocardial scar tissue that is not transplanted with said 
cells, wherein cardiac function is assessed by at least one of the criteria in the group 
consisting of: area occupied by said scar tissue; vascularization of said scar tissue; blood flow 
to said scar tissue; developed pressure, systolic pressure; end diastolic pressure; and dp/dt, 
wherein said cells exposed to said pharmacological agent prevent or ameliorate cardiac 
damage during cardiac surgery, compared to cells not exposed to said pharmacological agent 
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26. The method of claim 1 or 20, wherein said cells are transplanted into said scar 

tissue. 

27. The method of claim 26, wherein at least 10% of said scar tissue is occupied by 
transplanted cells four weeks after transplantation. 

28. The method of claim 26, wherein at least 20% of said scar tissue is occupied by 
transplanted cells four weeks after transplantation. 

29. The method of claim 26, wherein at least 30% of said scar tissue is occupied by 
transplanted cells four weeks after transplantation. 
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FIGURE 9 
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